ABSTRACT -This study aimed to investigate the influence of calf genetic group on the performance of Nellore lactating cows. The variables studied included milk ingestion, pasture intake, calf weight gain and cow body weight. A total of 13 Nellore calves and 8 crossbred Simental × Nellore calves were used, all born from Nellore mothers. During the experimental period of 210 days, calves were weighted at birth and at 30-day intervals, whereas cows were weighed every 14 days. Milk intake was estimated using the weigh-suckle-weigh method. Pasture intake was determined 6, 12, and 24 weeks after birth by using chromic oxide as an external marker and indigestible acid detergent fiber as an internal marker. Average weight of crossbred calves was 10.1 kg and their milk intake was 0.42 kg higher than in purebred calves. There was no difference, however, in pasture intake between genetic groups. In Nellore cows, body weight and pasture consumption (9.2 kg of DM/cow/day) were not influenced by calf heterosis.
Introduction
Grazing animals can alter the composition of their diet through the selection of consumed material. Therefore, it is of fundamental relevance to determine the consumption and digestibility of different fractions of pasture. However, given that there are several variables that regulate animal appetite, estimating intake, especially of lactating calves, is a challenging task.
Pasture intake is influenced by several variables, such as the amount of available forage, dry matter (DM) digestibility, body weight, age, genetic potential of the animal and environmental conditions, with all of these factors interacting continuously (Rovira, 1996) . Thus, weight at weaning is influenced by many factors, yet authors such as Rutledge et al. (1971) have demonstrated that, at this stage, milk ingestion is the most important component of calf growth. Similarly, Fiss & Wilton (1993) indicated that the best zootechnical indices are associated with higher milk consumption and, therefore, higher calf weight gain. According to Day et al. (1987) , between 30 and 40% of the total growth of an animal occurs until weaning, which usually takes place between the seventh and the eighth months of age. As a consequence, total weight of the calves is a consequence of their mothers' reproductive efficiency and milk production, and that production, in turn, depends on nutrition, age, genetic potential of the cow and genotype of the calf.
The benefits of heterosis on beef cattle production systems is widely known, yet, in general the effect of crossing on the overall efficiency of the raising system has been poorly studied, particularly with respect to Nellore cows. During assessments, usually control groups are not included, which would be composed of purebred zebu calves reared under the same conditions, thus preventing comparisons between mothers of purebred and crossbred calves.
Thus, the objective of the present study is to investigate the influence of heterosis on the performance of lactating calves and the effects on purebred Nellore mother cows. The hypothesis being tested is whether higher demands from the calf could elevate milk production and forage consumption by the mother. In addition, another goal of this study is to verify if crossbred calves would start feeding on forage earlier or at amounts higher than purebred calves. As a consequence, the higher intake by the cow and/or calf would indicate the need for lower forage pressure in cows producing crossbred calves.
Material and Methods
This study was carried out in the Fazenda Experimental São Manuel, which belongs to the Universidade Estadual Paulista (UNESP) -Faculdade de Medicina Veterinária e Zootecnia, located in the municipality of São Manuel, state of São Paulo.
From a stock of 52 Nellore cows, half were randomly chosen for artificial insemination with semen from a Nellore bull and the other half with semen from a Simental bull. Both bulls had expected difference in progeny for gain in weight close to zero. A total of 37 primiparous and pluriparous gave birth to 24 Nellore calves and 13 ½ Simental × ½ Nellore calves. A group of 21 cows were selected and distributed according to the genetic group of the calves, i.e. a Nellore group composed of 13 cows with purebred calves, four males and nine females, and a Simental group composed of 8 cows with crossbred calves, four males and nine females.
Based on the date of birth (December 1 st to January 31 st ), cows were randomly assigned into three groups, with an interval of 20 days between groups, as follows: group A: five cows, with 2 Nellore calves and 3 crossbred calves; group B: nine cows, with 7 Nellore calves and 2 crossbred calves; and group C: seven cows, with 4 Nellore calves and 3 crossbred calves.
Calves were weighted up to weaning, at 30-day intervals, according to their respective group. All cows were weighted until weaning, but at a 14-day interval. All animals were kept in a pasture of Brachiaria decumbens, with a few Brachiaria brizantha patches, and subdivided into 14 paddocks, with an average density of 0.7 AU/ha. Soon after birth, calves and mothers were taken to a barn and weighed. Later, each calf was subjected to navel treatment, received a tattoo and an earring for identification and received a dose of ivermectin. Subsequently, animals were dewormed and vaccinated against foot-and-mouth and clostridial diseases.
Milk production was always determined before the beginning of the estimate pasture consumption on the 3 rd , 6 th , 12 th and 24 th weeks. The method used to measure milk production was indirect, i.e., the difference between the weight of the calf before and after feeding, according to procedure described below. At 10 p.m. of the day prior to measurement, calves were separated from the cows and put to suckle at 5:30 p.m. of the same day, for 30 minutes, in order to empty the udders, and again, at 6 p.m., they were separated from mothers. Calves fasted for 12 hours total, and at 6 p.m. on the following day, having been previously weighed, they were placed with the cows to feed; when all finished sucking, they were separated and weighed again. The estimate of milk yield obtained by the difference of weights before and after feeding was corrected to 24 hours, and these data were used to estimate the total yield between 21 days and 168 days of lactation by integrating the lactation curve in this interval.
The voluntary dry matter intake from pasture was estimated at 6, 12 and 24 weeks postpartum. Chromic oxide was used as an external marker to estimate fecal output, given orally once a day (Langlands et al. 1963; Owens & Hanson, 1992) at 10 a.m., during 11 days in a serving of 15 g for the cows and 2, 2.5 or 4 g for calves in the three measurement periods, respectively. These portions were packaged in a paper cartridge and directly introduced into the esophagus through the rubber tube. The first seven days were used for the indicator to reach equilibrium within the gastrointestinal tract and, during the next five days, stool was collected at the time of each dosage. Approximately 150 g of feces were collected directly from the rectum of the animals, and these samples were placed in plastic bags and frozen, and subsequently dried in a forced circulation oven at 60 ° C for about 72 hours. After drying, samples were ground and mixed to form a composite sample per animal in each assessment period.
Sampling of pasture intake was obtained using two esophageal fistulated animals. During the five days of stool collection, animals were arranged so that one of the fistulated animals was placed together with a group of cows and calves whose consumption was being measured. The fistulated animal was removed at the time of taking the animals to the barn for sampling feces. Food samples collected from each fistulated animal were frozen and subsequently dried, ground and submitted to bromatological analysis.
The supply of dry matter available in the paddock was always estimated in the same week when consumption was measured. For this, a 25 cm-sided square was thrown randomly during a walk around the paddock (Hodgson et al., 2000) . The forage contained in the square was cut approximately 5 cm off the soil. The process was repeated ten times to form a composite sample, which was taken to the laboratory, still heavy green, dried in forced ventilation oven at 60 °C for 72 hours, ground and stored.
Samples of the food consumed and feces were analyzed for composition in dry matter (DM) and crude protein (CP), according to AOAC (1995) ; neutral detergent fiber (NDF) and acid detergent fiber (ADF), according to Goering & Van Soest (1970) , and indigestible ADF (iADF), which served as an internal marker, through 144 hours of incubation in the rumen of two steers fitted with rumen cannula, according to Penning & Johnson (1983) . The concentrations of chromium were also determined in feces according to methodology of digestion and solubilization described by Bremer Neto (2005), and reading done by atomic absorption spectrometry and atomic flame absorption.
To estimate the digestibility (D) of DM in cows, the following formula was employed: D = 1 -C Pasture / C iADF, where: C Pasture = concentration (g / g) iADF grazing consumed DM, and C iADF = concentration (g/g) of iADF in Fecal DM.
C intake (g DM/Animal/day) was estimated using the following formulas: C = F / (1 -d) and F = (g Cr supplied/ animal/day) / (g Cr/g Fecal DM), where: F = daily output of fecal DM (g/animal/day).
To estimate dry matter intake of pasture for calves, it was assumed that breast milk contained on average 13.5% total solids Cruz et al., 1997) , which allowed for estimating dry matter intake of milk. It was also assumed that the milk contained 92% digestibility (Baker et al., 1976) and zero content of iADF. Thus, the total fecal output was estimated like in cows. Next, the production of fecal matter attributable to milk was calculated, which was then subtracted from F for obtention of fecal output attributable to pasture. As the concentration of fecal iADF (C iADF ) was the weighted average concentration in feces derived from milk (c Fmilk ) and feces coming from the pasture (C FPasture ), it was assumed that C Fmilk was zero, thus: C Fpasture= C Feces * F / F Pasture .
On the other hand, the DM digestibility of the pasture consumed by calves was estimated by the equation: D Pasture = 1 -C Pasture / C FPasture . Finally, MS was estimated in a similar manner to that used in cows, i. e. C = F/(1-D Pasture ).
This assay used a randomized blocks design, with more than one repetition per block and repeated measures over time. Results were analyzed statistically by restricted maximum likelihood, using the MIXED procedure (Littell et al., 1996) of SAS (version 6.12). The model included as fixed, genetic group and sex of the calf as the main factors, and the random effect of block, linear effects of body weight and supply of dry matter in pastures as the repeated measures. Also in the repeated measures, the linear and quadratic effects of days postpartum were tested, and their interactions with genetic group and, as covariates, the order of birth (linear and quadratic effect) and milk yield (linear and quadratic effect), assuming a first order autoregressive effect. Random factors included the effects of cows or calves within sex and genotype (error) and residuals (error b).
Total milk production between 21 and 168 days was estimated by integrating the fitted curve in this interval.
To analyze the composition of the material offered and extrusa, a regression model that included the linear effect of week of harvest as main plots and the effects of material (offered or extruded) and interaction between material and weeks as subplots was used. Error (a) was composed of the deviations from the regression, which were assumed to be null. This analysis was performed using the GLM procedure of SAS (version 6.12)
Results and Discussion
In this assay, there were no significant differences in birth weight between races or genders (Table 1) . However, weight gain to weaning was higher in male crossbred Simmental, followed by Nellore males, crossbred females and purebred females (Figure 1) , which was expected, primarily due to the effect of heterosis, and, therefore, their gender.
The crossbred calves weighed 10.1 kg (6.3%) more than the purebred at 210 days (Table 1) . This difference, however, was lower than that reported by Alencar & Barbosa (1995) , who estimated an average of 12% gain in weaning weight of calves born from crossing Bos taurus bulls with Zebu cows. In this study, probably the quality and availability of pasture at the time of weaning (July-August) have limited the phenotypic expression of the expected advantage in the crossing, but even so, the adjusted weight at 210 days of both genetic groups can be considered good. The weight of the cows in the postpartum period did not indicate influence of the genetic group (P = 0.3913) or gender (P = 0.4958) of the calves. Cows lost weight from birth to weaning (P = 0.0010) and mean body weight during the period was 417 kg. A reduction in production/consumption of milk was also verified with the progression of lactation, in quadratic form (Table 2, Figure 2) . Alencar et al. (1988) also found a decrease in milk production with advancing lactation, although in linear form.
In this study, despite the effect of the genetic group (Table 3 ), no effect of calf gender on milk consumption was observed (P = 0.6515). However, Alencar et al. (1988) and Cruz et al. (1997) reported higher consumption of milk in males. The effect of age was also detected (P = 0.0636) as well as interaction between age and genetic group (P = 0.0436) in milk consumption from 21 to 168 days. In this case, the crossbred calves ingested, on average, over the study period, 0.42 kg/animal/day more milk (Table 3) . This difference was more prominent before 63 days of age (Figure 2) . Moreover, Espasandin et al. (2001) noted no effect of the breed of calf on milk production and also observed that cows that had lower quality food made use of their body reserves while maintaining milk production. Yet Calegari et al. (2009) found an effect of genetic group on milk production, with greater production for the cows that nursed Nellore crossbred calves (Simmental or Angus A.) than those who breastfed Nellore calves and, at the same time, pairs of cow/calf purebred Nellore required less energy for maintenance, but due to better performance of crossbred calves, all mixbred cow/calf pairs were more efficient.
Vargas Junior et al. (2010) observed, using this same batch of animals, an increase in the frequency of feedings by Nellore calves, but the same overall time spent breastfeeding, which indicates more intensive feeding by crossbred calves.
The total production of milk estimated in the period from 21 to 168 days was 690 kg/cow for the mothers of Nellore calves and 707 kg/cow for the mothers of ½ Simental crossbred calves. Based on these productions and the estimated weight gain of calves from 21 to 168 days, the following feeding conversions were obtained: 6.40, 7.19, 6.04 and 6.86 kg to 1.00 kg of body weight gain in Nellore males, Nellore females, ½ Simmental ½ Simmental males and females, respectively, with average conversion of 6.6:1. This conversion was worse than that estimated by Alencar et al. (1996) to purebred Nellore calves, which can be explained by higher consumption of milk observed by these authors. Rovira (1973) remarks that variations in the conversion can occur because the relationship between additional milk consumption and increase in weaning weight depend on the quality of the pasture where the calves are. Therefore, the worse the quality, the more the calves are dependent on consumed milk, and the worse the conversion of milk in weight.
According to Ansotegui et al. (1991) , there may be confusion when trying to explain the increased weight gain in the calf by the cow's milk production, since calves tend to consume similar amounts of metabolizable energy per unit weight, i.e., the consumption of milk is smaller, the calf increases forage intake in an attempt to keep power consumption (Baker et al., 1976; Le Du & Baker, 1979; Boggs et al., 1980; Grings et al., 1996) . A point to consider is that perhaps the maximum production of a beef cow is determined not only by their physiological capacity to produce milk, but also by the ability of the calf to extract of produced milk. This can be observed in this study, because 1/2 Simmental crossbred calves with higher growth rate and thus increased demand, consumed more milk. Restle et al. (1989) and Moletta et al. (1989) , studying the relationship of milk production of two native breeds (Charolais and Nellore) with the purebred performance of their progeny, found no differences between genetic groups in milk production, but observed that the offspring of Charolais cows responds best to increase production of milk then those of Nellore cows. On the other hand, , working with two maternal breeds (Charolais and Aberdeen Angus) and four progeny derived from crosses with Nellore calves, had purebred Charolais, Aberdeen Angus and crossbred 1/2 Nellore × 1/2 Charolais and1/2 Nellore × 1/2 Aberdeen Angus and found that the average milk production of mothers of crossbred calves was 20.1% higher than the mothers of purebred calves. Moreover, observed, in the same genetic groups, production 29% higher in mothers of crossbred calves. Similarly, in this study, Nellore cows that are mothers to crossbred calves produced 8.7% more milk, and this smaller difference can be attributed in part to the milk potential of the Nellore, which is smaller than the breeds Charolais and Aberdeen Angus.
Like the quality of pasture, CP content of the extrusa (ingested by fistulated animals) was greater than the available pasture (provided material); on the other hand, NDF, ADF, hemicellulose, cellulose and lignin were lower in the extrusa, indicating the selection made by fistulated animals (Table 4) . These results were similar to those observed by Cunha et al. (1992) , Berchielli et al. (2002) and Salman et al. (2000) .
According to Van Soest (1994), PB concentrations above 7% did not correlate well with the consumption of grazing animals, but below this level there is a decrease in intake, given that the fiber content of forage has a negative correlation with voluntary intake and becomes limiting when the NDF is above 50%. In this study, the PB of the extrusa fluctuated around 7%, and the NDF was always above 70%. Thus, one can conclude that that PB was not the main limiting consumption, but rather the NDF. Moreover, the PB and cell wall components in extrusa did not change (P> 0.10) throughout the experiment, while ADF (P = 0.0135), cellulose (P = 0.0197) and lignin (P = 0.0829) of the material offered increased linearly, which demonstrates the ability for section by the animals, despite a reduction in pasture quality. However, in this experiment, the consumption of pasture did not differ between the genetic groups, but there was an increase over time.
The unadjusted consumption of pasture increased linearly (P = 0.0001) and quadratically (P = 0.0035) in the studied range (Figure 3) . The consumption of pasture adjusted to body weight also increased linearly (P = 0.0027) and quadratically (P = 0.0036), but tended to stabilize around the 18 th week (Figure 4) .
These results indicate that the proportion of pasture consumed in relation to body weight increased more rapidly initially, reflecting the growing importance of grazing in the calves. The consumption of milk + pasture unadjusted for body weight increased (P = 0.0002) quadratically (P = 0.0034) and remained similar behavior to unadjusted consumption of pasture, generating curves (pasture and total consumption) almost parallel throughout the period (Figure 3 ). Given the information provided by Ansotegui et al. (1991) , one would expect that, with increasing age and decreasing consumption of milk, the curve of DM intake of pasture would approach the curve of total DM (pasture + milk) regarding the calf's capacity of gradually adjusting its intake, by replacing milk with forage as it grows.
In the present study, the average BW-adjusted pasture consumption by calves indicated no influence of breed or gender (Table 5) ; however, there was a quadratic effect (P = 0.0036) of age. In the BW-adjusted consumption of pasture + milk by the calves, a higher mean was observed in females (Table 5) , and quadratic effect (P = 0.0067) and age interaction (P = 0.0285), between genetic goup and age. The consumption of milk adjusted to pasture + PV of crossbred calves showed a peak at 42 days and decreased with age (Figure 4) , which was an expected result, given that, with increasing age, the DM of milk becomes an increasingly smaller fraction of total DM as the calf pasture consumption increases in relation to body weight.
The curve of pasture consumption adjusted for body weight approached the curves of consumption of pasture + milk with increasing age of crossbred calves (Figure 4 ). In this case, the consumption of pasture + milk adjusted to body weight of Nellore calves is difficult to explain, given that it should follow the same trend described by the fitted curves for crossbred calves. Similarly, the highest average intake of pasture + milk adjusted to body weight of females is also outside the expectation because, within each genetic group, females had lower performance compared with males ( In this study, the average calf consumption of pasture was approximately 1.1% of their body weight (BW), or 35 g/kg 0.75 , whereas the consumption of pasture + milk was around 1.9% BW or 56 g/kg 0.75 . These results probably reflect an underestimation of consumption of the calves, as was expected, given the total consumption of over 2% of BW or g/kg 0.75 (NRC, 1987; Grings et al., 1996) .
The average dry matter intake by cows, adjusted or unadjusted for body weight was not influenced by genetic group of the calf (Table 5) . However, a significant interaction was detected (P = 0.0315) between genetic group and days after birth (Figures 5 and 6) .
As it can be seen, the consumption of pasture by cows remained within the estimates by NRC (1987) , averaging around 2.1% BW or 96 g/kg 0.75 . Salman et al. (2000) , in research with Gir cows producing on average 5.1 L/day, reported consumption of 9.5 kg/day (2.3% BW) in a Tanzania pasture. Yet, Streets (1998) , in experiments with Nellore cows in capim-jaraguá pasture (Hyparrhenia rufa) showed consumption of 8.93 kg DM (2.1% BW or 96 g MS/kg 0.75 ).
However, in the present study, it was expected that the higher consumption of milk by crossbred calves would induce greater consumption of pasture by cows, although DM intake of cows to crossbred calves was approximately 8.5 kg/day, with slight increase during the postpartum period (Figures 5 and 6 ). In contrast, mothers of purebred Nellore calves started from a lower intake, around 7 kg/day and increased until reaching a maximum around 126 days postpartum, and then gradually reducing afterwards. Grings et al. (1996) also found no effect of breed of the calf on the consumption of cows, but the effect of body size and milk production of cows. According to NRC (1996) , voluntary intake of beef cows is strongly related to the production of cow's milk in the postpartum period, and as milk production decreases, there should also be a corresponding decrease in forage intake, which was observed in this study.
Conclusions
Crossbred ½ Simmental × ½ Nellore calves ingest more milk and have higher growth rate compared with purebred Nellore calves. However, no significant differences in pasture consumption were found between the genetic groups. In Nellore cows, body weight and pasture consumption are not influenced by calf heterosis. 
